Docket No.: 1670.1009 



TITLE OF THE INVENTION 

HEATING CRUCIBLE AND DEPOSITION APPARATUS USING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of Korean Patent Application No. 2002-43272, filed 
July 23, 2002 in the Korean Intellectual Property Office, the disclosure of which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present Invention relates to a heating crucible and a vacuum deposition 
apparatus using the same, and more particularly, to a vacuum deposition apparatus using an 
improved heating crucible that prevents scattering of a vaporable material. 

2. Description of the Related Art 

[0003] An electroluminescent (EL) device, which is a spontaneous emission display panel, is 
attracting attention as a next-generation display panel. An EL device provides a wide viewing 
angle, an excellent contrast, and a fast response characteristic. EL devices are classified into 
an inorganic EL device and an organic EL device according to a material that forms an emitting 
layer thereof. An organic EL device provides high brightness, excellent driving voltage, and a 
fast response speed, and performs polychromy, compared to an inorganic EL device. 

[0004] Generally, in an organic EL device, an anode layer of a predetermined pattern is 
formed on a substrate. Then, a hole transport layer, an emitting layer, an electron transport 
layer are sequentially formed on the anode layer. A cathode layer is fomied on the electron 
transport layer so as to have cathodes orthogonal to the anode layer. The hole transport layer, 
the emitting layer, and the electron transport layer are thin organic films made of organic 
compounds. 

[0005] To manufacture an organic EL device having such a structure, thin organic films, such 
as, the hole transport layer, the emitting layer, the electron transport layer, or the like, are 
formed using a deposition apparatus. The deposition apparatus includes a vacuum chamber 
whose internal pressure is controlled to be between 10'® and 10 ' torr. a heating crucible that is 
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installed opposite to a substrate within the vacuum chamber to contain an organic compound, 
and a heater that is installed at the heating crucible and heats and vaporizes the organic 
compound. 

[0006] While it is preferable to have the organic compound vaporize into molecules during a 
deposition operation, a sudden vaporization may occur within the organic compound during the 
heating, resulting in the organic compound being vaporized in lumps. 

[0007] Some of the problems caused by this lump-by-lump basis vaporization are as follows. 
During the deposition operation, a deposition lump may be attached to an opening of a 
deposition mask. Accordingly, a material is not deposited on a desired area. This problem 
continuously occurs unless the deposition mask is replaced, thus hindering a mass production. 
Also, the deposition material lump may be attached to the substrate, which decreases the 
evenness of a deposited film. Whereupon a portion of the substrate, on which the deposition 
material lump is deposited, appears dark upon image display. Furthermore, where a part of an 
organic compound lump is attached to a nozzle, the organic compound lump is continuously 
deposited and grown inside the nozzle, consequently blocking the nozzle of the deposition 
apparatus. 

[0008] To solve the above problems, Korean Patent Publication No. 2000-5421 1 discloses a 
heating crucible for a vacuum deposition apparatus having a net-type curtain installed on an 
opening through which a heated and vaporized organic compound is discharged. However, the 
net-type curtain installed on the opening in the heating crucible prevents smooth heat 
conduction from a heater, such that a foreign material first vaporized from the heating crucible 
and then deposited on the net curtain is not smoothly vaporized. In addition, it is difficult to 
install the net curtain within the heating crucible. 

[0009] A Japanese Patent Publication No. hei 1 0-1 95639 discloses a vaporization source 
having a vaporization crucible that contains an organic vaporization material. An orifice which 
controls the amount of vaporization of the organic material is installed within the vaporization 
crucible. Since an organic compound is heated by a heater installed over an outer 
circumferential surface of the disclosed heating crucible, the organic compound is not evenly 
heated. In addition, the organic compound cannot vaporize uniformly from the entire portion of 
the crucible. 
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[0010] A Japanese Patent Publication No. 2000-160328 discloses a heating crucible for 
evaporating an organic compound, including a main body which contains an organic compound, 
a heater which is installed around an outer circumferential surface of the heating crucible, and a 
heat shield layer which is installed around an outer circumferential surface of the heater. A 
Japanese Patent Publication No. 2000-68055 discloses a deposition source for an organic EL 
device. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, it is an aspect of the present invention to provide a heating crucible in 
which although an organic compound may not vaporize into molecules during a vaporization of 
the organic compound, improper deposition of the organic compound on a substrate, due to a 
deposition of organic compound in lumps on a deposition mask and the substrate, is prevented, 
and a deposition apparatus using the heating crucible. 

[0012] Another aspect of the preset invention is to provide a heating crucible which prevents 
a formation of a dark image due to an emission failure of deposition films on a substrate of a 
display, and a deposition apparatus using the heating crucible. 

[0013] Yet another aspect of the present invention is to provide a heating crucible which 
reduces improper deposition due to scattered organic compound lumps created by a sudden 
vaporization of the organic compound, and a deposition apparatus using the heating crucible. 

[0014] Still another aspect of the present invention is to provide a heating crucible which 
prevents a reduction of energy due to severe collision among evaporating organic compound 
molecules, and a deposition apparatus using the heating crucible. 

[0015] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0016] To achieve the above and/or other aspects of the present invention, there is provided 
a heating crucible comprising a main body and an inner member. The main body includes a 
space which receives an organic compound and a nozzle through which vaporized organic 
compound is discharged. The inner member is installed within the main body and includes one 



3 



Docket No.: 1670.1009 



or more openings formed around an edge of an area thereof facing tlie nozzle so as to transmit 
the vaporized organic compound. 

[0017] The inner member may have a cross-section which is substantially the same as that 
of the space of the main body, and the openings may be continuously or discontinuously formed 
along the edge of the inner member. The sum of areas of the openings of the inner member 
may be equal to or greater than an area of the nozzle. The distance between the nozzle and 
the inner member may be from a radius of the nozzle to 9/10 of a distance between the nozzle 
and an inner bottom surface of the main body. 

[0018] The main body may comprise a cap on which the nozzle is formed and a main body 
part in which the space is formed. 

[0019] The heating crucible may further comprise a heater which is provided in the main 
body and/or the nozzle. 

[0020] To achieve the above and/or other aspects of the present invention, there is provided 
a deposition apparatus for forming a deposition film on a substrate, comprising a vacuum 
chamber which receives the substrate and a heating crucible which is installed opposite to the 
substrate and vaporizes an organic compound provided thereto. The heating crucible 
comprises a main body having a space which receives the organic compound and a nozzle 
through which vaporized organic compound is discharged, and an inner member installed within 
the main body and having one or more openings formed around an edge of an area thereof 
facing the nozzle so as to transmit the vaporized organic compound. 

[0021] In the present invention, a mask having a pattern to be deposited may closely 
attached to the substrate facing the heat crucible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments taken in 
conjunction with the accompanying drawings in which: 

FIG. 1 is a schematic cross-sectional view of a vacuum deposition apparatus according 
to an embodiment of the present invention; 
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FIG. 2 is an exploded perspective view of a heating cmcible according to an 

embodiment of the present invention; 

FIG. 3 is a cross-sectional view of the heating cmcible of FIG. 2; and 

FIG. 4 is a perspective view of another embodiment of an inner plate of the deposition 

apparatus according to the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0023] Reference will now be made in detail to the present preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiments are described 
below in order to explain the present invention by referring to the figures. 

[0024] FIG. 1 shows a vacuum deposition apparatus according to an embodiment of the 
present invention. The vacuum deposition apparatus includes a vacuum chamber 1 1 , a 
substrate support 12 that is installed within the chamber 11 to support a deposition substrate 
100. a deposition mask 13 that is closely attached to the substrate 100 and has. for example, a 
pattern of slots, and a heating crucible 20 that is installed opposite to the substrate 100 so as to 
position the deposition mask 13 between the heating crucible 20 and the substrate 100. 

[0025] The substrate support 1 2 supports an edge of the substrate 1 00 so as to have a 
surface of the substrate, on which deposition is performed, face the heating crucible 20. 
However, the present invention is not limited to the above described structure. For example, the 
substrate support 12 may further include a unit which prevents the substrate 100 from bending 
due to its tare and a unit which closely adheres the deposition mask 13 to the substrate 100. 

[0026] The heating crucible 20 vaporizes an organic compound provided therein so as to 
deposit the organic compound on the substrate 100 or the deposition mask 13. not in a forni of 
lumps, but in molecules. 

[0027] FIGS. 2 and 3 show an embodiment of the heating crucible 20. The heating crucible 
20 includes a space 21 in which an organic compound 200 is contained, a main body 23 having 
a nozzle 22 through which an evaporated organic compound 200 is discharged, and an inner 
plate 30 that is installed within the main body 23 and has at least one opening 31 . As shown in 
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FIG. 2, the openings 31 are formed around an edge of an area facing tlie nozzle 22 so as to 
transmit a vaporized organic compound 200. 

[0028] The main body 23 of the heating crucible 20 comprises a cap 23a which has the 
nozzle 22 fomied in a centre thereof, and a main body part 23b which is coupled to the cap 23a 
and has the space 21 . The main body part 23b may have a can shape, and may include a 
temperature sensing unit (not shown) on a bottom surface of the main body part 23b. The 
temperature sensing unit may be a themnocouple which measures a temperature of the 
vaporized organic compound 200. A heater 27 is installed around the main body part 23b. It is 
understood that the heater 27 can be installed independently of the main body part 23b. The 
nozzle 22 is installed in the centre of the cap 23a, and an auxiliary heater (not shown) can be 
installed on a portion of the cap 23a around the nozzle 22 so as to prevent the organic 
compound 200 from being deposited on the nozzle 22. 

[0029] The inner plate 30 installed in the space 21 of the main body 23 includes a baffle 
board 32 on which at least one opening 31 is fomied around an edge of an area corresponding 
to the nozzle 22, and at least one fixing portion 33 which extends upward from the baffle board 
32 to support the baffle board 32. The openings 31 can be continuously or discontinuously 
formed around the edge of the baffle board 32. For example, FIG. 4 shows that the openings 
31 are linked together along the edge of the baffle board 32, and the fixing portion 33 extends 
downward from a bottom surface of the baffle board 32. Where the openings 31 are formed at 
predetermined intervals on the edge of the baffle board 32, such intervals may be equal to one 
another. 

[0030] The inner plate 30, that is, the baffle board 32, may be as wide as or wider than the 
nozzle 22. The baffle board 32 may be narrower than a sectional area of the space 21 . and the 
area of the opening 31 may be controlled so as to prevent a large pressure difference from 
being generated between upper and lower spaces SI and S2 defined by the baffle board 32 of 
the space 21 (see FIG. 3). 

[0031] Refen-ing to FIG. 3, the distance (L) between the nozzle 22 and the inner plate 30 is 
from the radius (D/2) of the nozzle 22 to 9/10 of the distance (T) between the nozzle 22 and an 
inner bottom surface of the main body 23. 
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[0032] An operation of a heating crucible 20 fiaving the above-described configuration and a 
deposition apparatus adopting the heating crucible 20 will now be described. For example, an 
organic compound 200 to form a deposited thin film (that is, an electron transport layer, an 
emitting layer, or a hole transport layer), which is an organic film of an organic 
electroluminescent display device, is injected into the space 21 within the heating crucible 20. 
In this state, a predetermined voltage is applied to the heater 27 and the auxiliary heater (not 
shown) to heat the main body 32 to vaporize the organic compound 200. 

[0033] During the vaporization of the organic compound 200, where sudden vaporization of 
the organic compound 200 occurs within the space 21 of the main body 23, the organic 
compound 200 vaporizes into molecule lumps. However, the inner plate 30 installed within the 
space 21 prevents the organic compound 200, evaporated in a form of lumps, from being 
deposited on the substrate 100 or the deposition mask 13. via the nozzle 22. That is, although 
the evaporated organic compound lumps are lead to be discharged to the nozzle 22, via the 
openings 31 , the baffle board 32 installed to face the nozzle 22 blocks the evaporated organic 
compound lumps. Consequently, the evaporated organic compound lumps are not transmitted 
by the nozzle 22. Even where the organic compound lumps pass through the opening 31 , since 
a vertical axis of the nozzle 21 does not match with that of the opening 31 , the organic 
compound lumps collide with an inner wall of the space 21 defined by the main body part 23b 
and the cap 23a. Consequently, the organic compound lumps fail to pass through the nozzle 
22. 

[0034] Since the sum of areas of the openings 31 formed around the edge of the baffle board 
32 facing the nozzle 22 is greater than the area of the nozzle 22, a reduction of pressure of the 
organic compound 200 discharged through the nozzle 22 can be avoided. Where the sum of 
the areas of the openings 31 is smaller than the area of the nozzle 22, the vaporized organic 
compound collides with one another by failing to move from the lower space S2 to the upper 
space SI , and the pressure of the lower space S2 increases. Where the pressure of the lower 
space S2 increases, a vaporization temperature of the organic compound 200 increases. As 
the vaporization temperature of the organic compound 200 is equal to or greater than a 
decomposition temperature, the organic compound 200 is decomposed. The decomposition of 
the organic compound 200 negatively affects deposition films and serves as an important factor 
of shortening the durability of an organic electroluminescent display device. 
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[0035] The location of the inner plate 30 within the space 21 is an important factor as it 
affects the amount of organic compound charged and the conductance of organic compound 
vapor molecules. Where the inner plate 30 is installed too low (based on a bottom of the main 
body part 23b), the amount of organic compound charged decreases and affects the 
effectiveness of the process. Where the inner plate 30 is installed too high, the volume of the 
upper space S1 is reduced, and accordingly, the conductance of the vapor molecules of the 
vaporized organic compound is reduced. Also, the collision of molecules becomes severe, such 
that the kinetic energy of the molecules is reduced. Due to the reduction of the kinetic energy, 
the organic compound molecules do not move freely and congeals and adheres to a relatively 
cooler surrounding place or adheres to a surrounding area of the nozzle 22. Accordingly, the 
distance (L) between the nozzle 22 and the inner plate 30 is from the radius (D/2) of the nozzle 
22 to 9/10 of the distance between the nozzle 22 and the inner bottom surface of the main body 
23. Therefore, the nozzle 22 is prevented from being blocked by the organic compound 200. 

[0036] According to an experiment of the inventors of the present invention, where an 
organic material was deposited on a substrate at 1 A/s, and values obtained by dividing the 
distance (L) between the nozzle 22 and the inner plate 30 by the radius of the nozzle 22 were 
0.40 and 0.67, the nozzle 22 was blocked by the organic material within 2 hours and 12 hours, 
respectively. Also, where a value obtained by dividing an installation height of the inner plate 30 
by the radius of the nozzle 22 was equal to or greater than 1 .0, the nozzle 22 was not blocked. 

[0037] As described above, a deposition apparatus adopting a heating crucible according to 
the present invention can prevent an evaporation of organic compound lumps from being 
discharged through a nozzle. Accordingly, display of dark images due to deposition of organic 
compound lumps on a substrate is prevented. Furthermore, fomiation of a poor deposition 
pattern on a substrate, due to the deposition of organic compound lumps on a deposition mask, 
is also prevented. 

[0038] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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